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ABSTRACT 
 
LED based projectors have numerous advantages compared to traditional projectors: they are more compact, exhibit a 
larger color gamut and a longer lifetime, the supply voltage is lower, the absence of ultra violet, infrared radiation and 
mercury vapour, etc. Furthermore LEDs can switch on and off very rapidly (possibility to pulse them) and they have a 
high dimming ratio that can be used to improve the contrast. However, there is also an important disadvantage: the 
optical power per unit of étendue (luminance) of an LED is significantly lower than that of e.g. an UHP-lamp. Because 
of this and the étendue limitation of the projector (small light valve, f-number projection lens), the projected flux on the 
screen will not be high. Despite this shortcoming, LEDs are still very interesting for low power applications because of 
their superior properties. However we have to collect the available light flux optimally and combine multiple LEDs 
with high luminance within the available system étendue. In this paper we have studied collection optics that collect the 
LED flux with high optical efficiency and collimation and reshape the spot in a uniform illuminated rectangle with the 
sizes of the micro display. We have designed Gradually Tapered Light Pipes, Elliptical Reflectors and Parabolic 
Reflectors. Furthermore we have combined many of these LED/collector combinations to get a high luminance 
illumination engine for LED based projectors. 
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1. INTRODUCTION 
 
Nowadays projection is one of the fastest growing markets in the world. All sorts of applications are based on 
projection. Presentation beamers, rear projection television, home cinema projectors, small portable projectors, head-up-
displays, etc. are just a few examples.   
Another phenomenal evolution is that of the Light Emitting Diode (LED). LEDs are interesting light sources that 
become more and more popular in many domains. Their optical efficiency has consistently improved since their 
invention and LEDs are getting much more powerful. This evolution makes them an interesting alternative for mercury 
arc discharge lamps in projection applications. They have numerous advantages1,2 compared to the traditional light 
sources of projectors.  
 
1.1. Advantages of LEDs 
 
LEDs are robust and have a very long operating time (up to 100k hours) compared with UHP lamps (8k hours). This 
will lengthen the mean time between failures (MTBF) of the projector drastically. Because of their small size, low 
operating voltage and the absence of dangerous mercury and explosion hazard, they will be ideal light sources for 
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